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Objectives. To evaluate the loss of heterozygosities (LOH) of chromosomes 3pl4 (FHIT gene), 9p21 (pl6), 13q21 (pRb), 
6q22 (E-cadherin) and 17pl3 (p53) in various thyroid tumors. 

Methods. Eighty thyroid tumor cases (20 follicular adenomas, 10 follicular carcinomas, and 50 papillary carcinomas) have 
been analyzed for the presence of LOH in chromosomes 3pl4, 9p21, 13q21, 6q22, and 17pl3 allelic loss, using mic- 
rosatellite markers and DNA obtained from formalin-fixed paraffin-embedded archival tissues. 

Results. LOH on 3pl4 was found in 10.5%, 33.3%, and 30.4% of follicular adenomas, follicular carcinomas, and papillary 
carcinomas, respectively. LOH on 9p21 was detected in 6%, 44.4%, and 47.8%, respectively. LOH on pRb gene was 
foxmd in 5.3%, 20.0%, and 35.4%, respectively. LOH on E-cadherin gene was found in 5.3%, 22.2%, and 43.8%, 
respectively. LOH on 17pl3 was detected in 0%, 40%, and 45.8%, respectively. LOH in FHIT gene, pl6, pRb, E- 
cadherin, and p53 genes were more frequently identified in follicular carcinoma and papillary carcinoma than in fol- 
licular adenoma. 

Conclusion. LOH results of the five tumor suppressor genes (FHIT gene, pl6, pRb, E-cadherin, and p53) showed statistical 
differences between benign tumor and malignant tumor. Among papillary carcinoma, LOH in pl6, E-cadherin and 
p53 genes well correlated with poorly differentiated grade, and LOH of E-cadherin was associated with lymph node 
metastasis. 

KsYwoids. Thyroid gland, Tumor suppressor gems, Loss of heterozygosity 



INTRODUCTION 

Thyroid cancer is one of major malignancies in young adult pa- 
tients and recently shows an increasing tendency in incidence in 
Korea. Most thyroid nodular lesions are asymptomatic and their 
early detection is quite difficult. Recently, much effort to eluci- 
date genetic events as prognostic factors of thyroid nodular le- 
sions have been made. MicrosateUite alteration (MSA) such as 
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loss of heterozygosity (LOH) has been reported as a novel 
mechanism of carcinogenesis and as a useful prognostic factor in 
many malignant tumors. LOH, the loss of a functional allele at a 
heterozygous locus, is known to be related with allelic loss of 
various tumor suppressor genes (TSGs). ManyTSGs (such as 
FHIT gene, pl6, pRb, E-cadherin, p53, etc.) are known to be 
lost or mutated in a variety of thyroid tumors [1-6]. FHIT is a 
candidate TSG, and LOH in FHIT gene have been reported in 
many types of human cancers [1,7,8]. The pl6 protein functions 
as a tumor suppressor by binding to the cyclin Dl CDK4/CDK6 
complex, thereby preventing phosphorylation of the pRb pro- 
tein [9]. Alterations in pl6'^'''^ gene prevents blocking the cell 
from entering the S phase at the late Gl checkpoint, thus result- 
ing in tumorigenesis [10]. The retinoblastoma {Rb) gene was the 
first TSG to be discovered, and it is known to be associated in 
many malignancies including leukemia, malignant melanoma. 
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lung cancer, bladder cancer, esophageal cancer, and pancreatic 
cancer, etc [5]. E-cadherin is a transmembrane protein engaged 
in cell adhesion, the disruption of which results in carcinogene- 
sis, and it is thought that alterations in cell-cell adhesion proteins 
influence later events in carcinogenesis such as invasion and me- 
tastasis [11]. p53 is a 53kD nuclear protein, highly conserved in 
vertebrates, which is believed to regulate entry into and progres- 
sion through the normal cell cycle. Elevated p53 expression has 
been described in a number of human tumors including carcino- 
ma of the breast, colorectum, and lung [12]. Evaluation of these 
genetic alterations may certainly translate into clinical benefits. 

The purpose of this study is to investigate the LOH in five ma- 
jor TSGs (FHIT gene, pl6, pRb, E-cadherin, and p53) in 80 cas- 
es of surgically resected thyroid tumors, and to correlate the re- 
sults with various clinicopathological factors in 50 papillary thy- 
roid carcinomas. 



IVIATERIALS AND IVIETHODS 

Eighty patients with thyroid tumors, who underwent surgery in 
a tertiary medical center (Ilsong Memorial Institute of Head and 
Neck Cancer, Hallym University College of Medicine, Korea) 
from September 2008 to November 2010 were consecutively 
selected, which was approved by the resident Institutional Review 
Board. Of the 80 cases, 37 were men and the overall mean age 
was 51.2 years (range 27 to 81 years). The cases consisted of 50 
papillary carcinomas, 10 follicular carcinomas and 20 follicular 
adenomas. 

LOH detection was carried out sequentially by DNA prepara- 
tion, PCR, and agarose gel electrophoresis. We extracted DNA 
from 10% formalin-fixed paraffin-embedded thyroid tissues and 
matched healthy tissues (preferentially cancer-negative lymph 
node, obtained from a different tissue block containing only nor- 
mal tissue). Hematoxylin and eosin (H&E) stained specimens 
were soaked in 2% glycerol for 2 minutes, then dissected under 
a microscope using 25-gauge needles and a microdissector. Ex- 
tracted tissues were placed in individual 1.5-mL Eppendorf tubes 
fiUed with buffer solution (100 mMTris-HCl [pH 8.0], 1% 
Tween-20, 0.1 mg/mL proteinase K) and were incubated in a 
52°C water tank for 2 days. Then, 1 |aL of DNA from these speci- 
mens was used as a template for PCR. The presence of LOH in 
chromosomes 3pl4 (fragile histidine triad, FHIT), 9p21 (pl6), 
13q21 (pRb), 6q22 (E-cadherin), and 17pl3 (p53) were ana- 
lyzed using PCR with 10 microsatellite markers (two markers 
per gene) (3pl4: D3S1300 and D3S1067; 9p21: D9S104 and 
D9S162; 13q21: D13S118 and D13S153; 6q22: D16S419 and 
D16S3106; 17pl3: TP53 and D17S796). PCR products were 
electrophoresed on 2% agarose gels with formamide loading 
dye (95% formamide, 20 mM EDTA, 10 mM NaOH, 0.05% 
bromophenol blue, 0.05% xylene cyanol), silver-stained, and 
analyzed for heterozygosity. The gels were evaluated by visual 
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Fig. 1. Representative examples of cases with loss of fieterozygosity 
(LOH) in FHIT, p16, pRb, E-cadherin, and p53 gene of thyroid tu- 
mors. Each LOH detection was conducted using the microsatellite 
markers (D3S1300, D9S104, D13S1 18, D16S419, and TP53, respec- 
tively). Each arrow shows the remarkable band loss, while the left 
lane indicates normal (N) and the right lane indicates tumor (T). 

inspection by two pathologists. LOH was considered to be pres- 
ent when a clear reduction of one allele was evident by visual 
inspection, i.e., presence of an absent allele in the carcinoma or 
a tissue that showed less than 50% density as the corresponding 
normal tissue in heterozygotes (Fig. 1). For each genetic altera- 
tion, cases with homozygosity or with insufficient amplification 
were excluded as noninformative. Disease-free survival was 
measured from the date of surgical resection to the date of diag- 
nosis of recurrence, the date of death, or the date of the final 
follow-up visit. 

Patients with papillary carcinoma were stratified according to 
their clinicopathologic factors and the presence or absence of 
LOH for each gene. According to the pathological differentiation, 
papillary carcinomas were further classified into well or poorly 
differentiated carcinoma. Statistical analysis was performed us- 
ing the test. Fisher exact test, and Cox regression analysis. The 
Kaplan-Meier test was used for survival analysis. P<0.05 were 
considered statistically significant. 



RESULTS 

Detection of LOH in TSGs in thyroid tumors 

LOH was detected in all 10 microsatellite markers tested. Among 
the three different thyroid tumors, five cases of follicular adeno- 
ma (25%), eight cases of follicular carcinoma (80%) and 44 cas- 
es of papillary carcinoma (88%) had at least one LOH (Table 1). 
When all five TSGs (FHIT gene, pl6, pRb, E-cadherin, and p53) 
were considered, significant difference in LOH detection rate 
between adenomas and carcinomas were found (P=0.002). 

For the FHIT gene, we were able to evaluate 19, 9, and 46 
cases for follicular adenoma, follicular carcinoma and papillary 
carcinoma, respectively. Noninformative cases of each tumor were 
1, 1, and 4 cases. Among the informative cases, LOH was de- 
tected in 2 cases (10.5%), 3 cases (33.3%), and 14 cases (30.4%), 
respectively (Table 2), and no significant correlation between tu- 
mor types were noticed. But, when we analyzed by adenoma 
(follicular adenoma) versus carcinoma (follicular carcinoma and 
papillary carcinoma), LOH was detected significantly higher in 
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Table 1. Detection of LOH in eacli tumor suppressor gene of all 80 patients with thyroid tumors 


Patient 


FHIT 


p16 


pRb E-cadherin p53 


Patient 


FHIT p16 


pRb 


E-cadherin 


p53 


1 








41 






0 




2 






N N 


42 




0 




0 


3 


0 


0 




43 






0 




4 


N 






44 








0 


5 








45 


N 




N 




6 








46 


0 0 


0 


0 




7 








47 


0 N 








8 




0 




48 


0 








9 






0 N 


49 


0 


0 


0 




10 








50 






0 


0 


11 








51 


0 






0 


12 




0 


0 


52 


0 


0 






13 








53 


0 






0 


14 


0 






54 










15 






N 


55 


0 0 




0 




16 








56 


0 0 




0 




17 








57 


0 


0 




0 


18 








58 






N 




19 








59 


0 


0 




0 


20 








60 


0 




0 


N 


21 


0 


0 


0 


61 




N 




0 


22 






N 0 


62 


0 0 




0 




23 


N 




0 0 


63 


0 


0 




N 


24 






0 0 


64 


N 








25 


0 


0 




65 


0 




0 


0 


26 








66 


0 0 


0 


0 


0 


27 




0 


0 


67 


N 






0 


28 


0 






68 






0 




29 




N 


0 


69 


0 


0 


0 


0 


30 








70 






0 


0 


31 


0 


0 


0 0 


71 


0 


N 






32 




0 


0 


72 


0 








33 


0 




0 


73 


N 


0 




0 


34 




0 


0 


74 






0 




35 


N 




0 


75 






0 


0 


36 




0 


0 


76 










37 


0 


N 


0 0 


77 


0 


0 




0 


38 








78 


0 






0 


39 




0 


0 0 


79 




0 




0 


40 


N 


0 


0 0 


80 


0 






0 


Patient 1-20, follicular adenoma; patient 21-30, follicular carcinoma; patient 31-8 
0, positive of loss of heterozygosity (LOH); N, noninfornative case. 


0, papillary carcinoma. 








Table 2. Frequency of genetic changes in thyroid tumors 
















Follicular adenoma (%) Follicular carcinoma (%) 


Papillary carcinoma (%) 




P-value 
(adenoma vs. carcinoma) 


FHIT 






2/19(10.5) 3/9(33.3) 




14/46(30.4) 




0.039 




p16 






3/20 (6.0) 4/9 (44.4) 




22/46 (47.8) 




0.027 




pRb 






1/19(5.3) 2/10(20.0) 




17/48(35.4) 




0.044 




E-cadherin 






1/19(5.3) 2/9(22.2) 




21/48 (43.8) 




0.041 




p53 






0/18(0.0) 4/10(40.0) 




22/48 (45.8) 




0.025 
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Table 3. Loss of heterozygosity at each chromosomes according to the clinicopathological factors in papillary carcinoma 



Clinicopathologic parameter 


Case no. 


FHIT (%) 


p16(%) 


pRb (%) 


E-cadherin (%) 


p53 (%) 


Age (year) 


<35 


28 


7(25) 


12(42.9) 


11 (39.3) 


12(42.9) 


13(46.4) 


>35 


22 


7(31.8) 


10(45.5) 


6 (27.3) 


9 (40.9) 


9 (40.9) 


Sex 


Male 


14 


4 (28.6) 


6 (42.9) 


5 (35.7) 


7 (50.0) 


7 (50.0) 


Female 


36 


10(27.8) 


16(44.4) 


12(33.3) 


14(38.9) 


15(41.7) 


Tumor size (cm) 


<2.0 


32 


8(25) 


13(40.6) 


1 1 (34.4) 


12(37.5) 


14(40.6) 


>2.0 


18 


6 (33.3) 


9 (50.0) 


6 (33.3) 


9 (50.0) 


9 (50.0) 


Tumor grade 


Well 


35 


9(25.7) 


13(37.1)* 


10(28.6) 


12(34.3)* 


12(34.3)* 


Poor 


15 


5 (33.3) 


9 (60.0)* 


7 (46.7) 


9 (60.0)* 


10(66.7)* 


Lymphatic emboli 


(+) 


15 


5 (33.3) 


6 (40.0) 


6 (40.0) 


8 (53.3) 


8 (53.3) 


(-) 


35 


9(25.7) 


16(45.7) 


11 (31.4) 


13(37.1) 


14(40.0) 


Extrathyroid invasion 


(+) 


18 


6 (33.3) 


9 (50.0) 


7 (38.9) 


9 (50.0) 


10(55.6) 


(-) 


32 


8(25) 


13(40.6) 


10(31.3) 


12(37.5) 


12(37.5) 


Lymph node metastasis 


(+) 


23 


7 (30.4) 


10(43.5) 


8 (34.8) 


14(60.9)* 


13(56.5) 


(-) 


27 


7 (25.9) 


12(44.4) 


9 (33.3) 


7 (25.9)* 


9 (33.3) 



'Parameters which showed significant difference with P<0.05. 



carcinomas than in adenomas (P=0.039). For theTSG pl6, in- 
formative cases of folKcular adenoma, follicular carcinoma and 
papillary carcinoma were 20, 9, and 46 cases, respectively. Among 
these, LOH was detected in 3 cases (6%), 4 cases (44.4%), and 
22 cases (47.8%), respectively, and carcinomas showed signifi- 
cant higher LOH in pl6 than adenomas (P=0.027). For the pRb 
gene, we were able to evaluate 19, 10, and 48 cases for follicular 
adenoma, follicular carcinoma and papillary carcinoma, respec- 
tively. Among these informative cases, LOH was detected in 1 
case (5.3%), 2 cases (20%), and 17 cases (35.4%), respectively, 
and malignant tumors showed significant higher LOH in pRb 
than benign tumors (P= 0.044). For the E-cadherin gene, we were 
able to evaluate 19, 9, and 48 cases for follicular adenoma, fol- 
licular carcinoma and papillary carcinoma, respectively. Among 
these, LOH was detected in 1 case (5.3%), 2 cases (22.2%), and 
21 cases (43.8%), respectively, and malignant tumors showed 
significant higher LOH in E-cadherin than benign tumors (P= 
0.041). In cases with p53 gene, informative cases were 18, 10, 
and 48 cases for follicular adenoma, follicular carcinoma and 
papillary carcinoma, respectively. Among these, LOH was de- 
tected in 0, 4 cases (40%), and 22 cases (45.8%), respectively, 
and carcinomas had significant higher LOH in p53 than adeno- 
mas (P=0.025). 

Correlations of LOH with clinicopathologic parameters in 
papillary carcinoma 

For papillary carcinoma cases, we observed genetic alterations 
and their associations between clinical and pathological param- 



eters, as summarized in Table 3. In tumors with size 2.0 cm or 
more, the LOH in FHIT gene were detected in 6 cases (33.3%), 
and 8 cases (25.0%) were detected in tumors less than 2.0 cm, 
revealing no significant correlation between FHIT LOH and the 
size of the carcinoma. Well differentiated carcinomas had LOH 
in FHIT gene in 9 cases (25.7%), and poorly differentiated car- 
cinomas in 5 cases (33.3%), revealing no significant correlation 
in cancer differentiation. Five cases (33.3%) had lymphatic em- 
boU, 9 cases had none (25.7%), which revealed no significant 
correlation between the LOH in FHIT gene and the presence of 
lymphatic emboli. Six cases (33.3%) had extrathyroid invasion 
and 8 cases (25.0%) had none, which showed no significant cor- 
relation. Tumors which had lymph node metastasis were 7 cases 
(30.4%), which had none, were 7 cases (25.9%), showing no 
significant difference. 

In cases with the pl6 gene, LOHs were found in 9 cases (50.0%) 
in papillary carcinomas with size 2.0 cm or more, and 13 cases 
(40.6%) in carcinomas less than 2.0 cm in size, revealing no sig- 
nificant correlation between LOH and the size of the carcinoma. 
Well differentiated carcinomas had LOH in pl6 gene in 13 cases 
(37.1%), and poorly differentiated carcinomas in 9 cases (60.0%). 
These showed that poorly differentiated papillary carcinomas 
had significantly higher rate of LOH in pl6, than well differenti- 
ated carcinomas (P= 0.044). The presence of lymphatic emboli, 
extrathyroid invasion or lymph node metastasis were not signifi- 
cantly associated with the LOH in pl6. 

For the pRb gene, the size of the carcinoma were not associat- 
ed with the detection rate of the LOH. LOH were found in 10 
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cases (28.6%) of well differentiated carcinomas, and 7 cases 
(46.7%) of poorly differentiated carcinomas. Although higher 
detection rates were seen in poorly differentiated carcinomas, 
no statistically significant correlation was found. Lymphatic em- 
boh, extrathyroid invasion or lymph node metastasis were not 
significantly associated with the LOH in pRb. 

For the E-cadherin gene, carcinomas with size 2.0 cm or more 
showed higher rate of LOH than smaller size carcinomas (50.0% 
vs. 37.5%), but without statistical significance. Well differentiat- 
ed carcinomas had LOH in 12 cases (34.3%), and poorly differ- 
entiated carcinomas in 9 cases (60.0%), which revealed higher 
detection rate in poorly differentiated carcinomas with signifi- 
cance (P=0.048).The detection rate was higher in the cases with 
the presence of lymphatic emboli or extrathyroid invasion, but 
without statistical significance. The tumors with lymph node me- 
tastasis had higher rate of LOH in E-cadherin compared to those 
without lymph node metastasis (60.9% vs. 25.9%; P=0.025). 

The size of the carcinoma and the presence of lymphatic em- 
boli were not associated with the detection rate of LOH in p53 
gene. Poorly differentiated carcinomas showed higher rate of LOH 
than well differentiated carcinomas (66.7% vs. 34.3%), with 
significance (P=0.035). The presence of LOH were higher in 
carcinomas with extrathyroid invasion or lymph node metasta- 
sis, but neither showed statistical significance. 

We did not observe any associations between LOH of these 
fiveTSGs and sex nor age, in papillary carcinoma. Moreover, dis- 
ease-free survival was not correlated with the presence of LOH 
at any of the different chromosomal regions, in this study. 

DISCUSSION 

Recent advances in radiologic and histopathologic diagnosis en- 
abled more accurate detection of the tumor, but genetic events 
associated with thyroid tumorigenesis are still poorly defined. 
Furthermore, the impacts of genetic events on prognosis and 
therapeutic options for patients with thyroid tumors have not 
been fully established. This study analyzed LOH in several well- 
characterized TSGs, i.e., FHIT, pl6, pRb, E-cadherin, and p53 in 
follicular adenoma, follicular carcinoma and papillary carcino- 
ma, and the relationship of LOH and major clinicopathological 
factors of papillary carcinoma, to assess the possibility of these 
TSGs as prognostic factors of thyroid cancers. 

We observed a significant higher detection of LOH in the five 
TSGs (FHTI gene, pl6, pRb, E-cadherin, and p53) in carcinomas 
than in adenomas, as follicular adenoma showed low detection 
rate. Studies related to FHIT gene in thyroid tumors are rare, but 
our results corresponded to those of Zou et al. [l]'s, which showed 
difference of detection rate between follicular adenoma and fol- 
licular carcinoma. Similar results were found for the pl6 gene in 
our study, the detection rate of LOH was lower in follicular ade- 
noma, and significant difference was noted between adenomas 



and carcinomas. This also correlated with studies reported by 
Roque et al. [2] which showed higher incidence of LOH in fol- 
licular carcinoma than in follicular adenoma, and studies report- 
ed by Kitamura et al. [3] which showed high detection rate of 
LOH in papillary carcinoma. Soares et al. [13] reported that the 
LOH in E-cadherin were rarely found in papillary carcinoma. 
However, our results showed that the larger size of the cancer, 
the presence of lymphatic emboli or extrathyroidal invasion, 
had tendency to have more LOH in E-cadherin gene. Moreover, 
poorly differentiated carcinoma or the presence of lymph node 
metastasis were associated with higher detection rate of LOH 
with statistical significance. This was consistent with the report 
of Naito et al. [6]'s, which noted that the loss of E-cadherin ex- 
pression may be involved in regional lymph node metastasis 
and in malignant potential of thyroid neoplasms. But, further 
studies with a larger number of cases will be needed in this 
gene, since some other studies reported no association [13], and 
in some, decreased expression of E-cadherin was reported as a 
significant predictor of lymph node metastases [14]. For the p53 
gene, LOH was not found in follicular adenoma in this study. 
However, in follicular carcinoma and in papillary carcinoma, the 
detection rates were 40% and 45.8%, respectively. This showed 
significant differences between benign and malignant tumors, 
which had coincidence with other studies [4]. 

Previous authors have hypothesized that the accumulation of 
several gene abnormalities results in the formation of cancers, 
with the quality and quantity of these abnormalities influencing 
the degree of malignancy [15]. We could not detect a specific 
higher LOH related to the malignant potential of thyroid neo- 
plasm, nor a correlation of survivals with the LOH, but it is con- 
sidered that each chromosomes and their LOH independently 
contributes to the tumorigenesis of the thyroid gland, since we 
found that the fiveTSGs' LOH detection rate were significantly 
higher in malignant tumors than in benign tumors. Although, 
the detection rate of LOH in papillary carcinomas did not show 
correlation with sex, age, tumor size, presence of lymphatic em- 
boli nor extrathyroid invasion, the LOH of pl6, E-cadherin, and 
p53 genes well correlated with poorly differentiated grade, and 
LOH of E-cadherin was associated with lymph node metastasis. 
Besides, the LOH results of FHIT, E-cadherin, and p53 genes 
were more frequently detected in papillary carcinomas showing 
metastasis or extrathyroidal tumor invasion, but without statisti- 
cal significance. These results suggest that MSAs on various TSGs 
may contribute to the malignant transformation of follicular cells 
and malignant thyroid tumor progression, independently. 

Our study has several limitations. First, we could not evaluate 
LOH in other thyroid cancers including medullary and anaplas- 
tic cancers. This may miss the difference in the clinicopathologi- 
cal features and biological behavior of various tumors arising 
within the thyroid gland. Secondly, only two microsatellite 
markers were used per gene, but it is considered that the LOH 
in the five TSGs are simply applicable markers with confidence. 
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in comparing benign and malignant tumors clinically. 

In this study, we demonstrated that LOHs were detected more 
frequently in thyroid carcinomas than in adenomas, in all five 
TSGs. Moreover, in papillary carcinoma, LOH in pl6, E-cadherin, 
and p53 genes were significantly correlated with poorly differen- 
tiated grade. LOH results of FHIT, E-cadherin, and p53 genes 
were more frequently detected in papillary carcinoma showing 
lymph node metastasis or extrathyroidal tumor uivasion. To con- 
clude, the LOH in TSGs may independently contribute to the 
malignant transformation of follicular cells and malignant thyroid 
tumor progression, and that it could be used clinically as helpful 
markers in differentiating benign and malignant tumors. Also, use 
of the five LOH markers may help predict the clinicopathological 
features in papillary thyroid carcinoma patients. 
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